Objectives: To determine associations, if any, of bacterial vaginosis with cervical pre-neoplastic lesions and evaluate any effects of sub-categorization of smears with bacterial vaginosis. Methods: All cervico-vaginal smears reported as positive for bacterial vaginosis over a five-year period were reviewed and sub-categorized into 'type I (dysbacteriosis)' and 'type II (pure Gardenerella infection)' smears by two cytopathologists (PS, SG). The proportion of smears with healthy flora and pre-neoplastic lesions was compared with those having bacterial vaginosis in conjunction with such changes. In addition, a comparison was also attempted between the frequencies of pre-neoplastic lesions with the two categories of bacterial vaginosis smears. Results: Bacterial vaginosis was diagnosed in 28.6% (7017 of the 24,565) of the 24,565 smears received in the Institute during the study period. Of these 7,017 smears with bacterial vaginosis, 53% (3717) were categorized as type I and 42.7% (3000) as type II by both cytopathologists. Pre-neoplastic lesions were detected in 10.2% of smears with bacterial vaginosis compared to 5.7% of those with healthy flora (P<0.0001). Of the sub-categories of bacterial vaginosis, the risk of detecting precancerous lesion was higher for type II smears (P<0.001). Conclusion: Sub-categorization of bacterial vaginosis, as performed in the Dutch coding system, may be worthwhile due to the strikingly different risk of associated preneoplasia.
Introduction
Bacterial vaginosis (BV), one of the commonest vaginal disorders in females of reproductive age, is associated with a number of obstetric and gynaecologic complications (Morris et al., 2001) . The prevalence of BV has varied in studies from 10 to 64% (Sodhani et al., 2005) , depending on the method of detection used. Though the gold standard of diagnosis of BV is Nugent's scoring of gram-stained smears, other criteria are being widely used because of the large number of asymptomatic women with BV infection (Schnadig et al., 1989; Amsel et al., 1983) . Our initial study had demonstrated good sensitivity, specificity and positive predictive value for Pap smear in diagnosis of BV (Sodhani et al., 2005) .
Though the Bethesda system for reporting of cervico-vaginal smears recognizes only one category of "shift in vaginal flora, suggestive of bacterial vaginosis", studies have shown a distinction between "dysbacteriosis" and "pure Gardenerella infection" (Meisels and Morin, 2007; Bulk et al., 2004) . Cervical cytology has been shown to be an effective tool for differentiation of these two entities (Klomp et al., 2009 ). These two sub-categories of bacterial vaginosis have been shown to exert differing impact on the risk of detection of pre-cancerous lesion in the same smear (Klomp et al., 2008; Roeters et al., 2010) .
Cervical cancer and pre-cancerous lesion have been causatively linked to persistent infection by human papillomavirus (Huh, 2009 ). However, numerous factors, including other sexually transmitted diseases, have been postulated to influence the progression from infection to high grade lesion (Hawes and Kiviat, 2002) . In this context, BV has also been implicated to play a role in cervical carcinogenesis (Platz-Christensen et al., 1989) . Many authors have supported this association of BV with cervical pre-cancerous lesions (Watts et al., 2005; Verbruggen et al., 2006; Gillet et al., 2011) . This possible association has been explained on the basis of higher vaginal pH in BV infection predisposing to persistence of HPV, production of carcinogenic nitrosamines and altered inflammatory cytokine profile (Pavić, 1984) . However, other researchers have refuted this association of BV with cervical neoplasia (Peters et al., 1995; Jahic et al., 2013) .
The present study was aimed at evaluating the association, if any, of bacterial vaginosis in cervical smear and detection of pre-neoplastic lesion in the same smear. Also, an attempt has been made to sub-categorize the smears with bacterial vaginosis into dysbacteriosis and Gardenerella infection with intent to study the difference in their respective association with pre-neoplastic lesion Division of Cytopathology, National Institute of Cancer Prevention and Research, Noida, India. *For Correspondence: sodhanip@ yahoo.com detection.
Materials and Methods
The study included all cervico-vaginal smears reported in the division over a five year period . Smears reported as shift in vaginal flora suggestive of bacterial vaginosis were reviewed in a blinded fashion by two cytopathologists (PS, SG) and categorized into type I smear pattern (smears with shortage of lactobacilli and abundance of coccobacilli in background and surface of squamous cells, i.e. clue cells); and type II smears (complete lack of lactobacilli and all coccobacilli gathered on surface of squamous cells covering them completely, i.e. blue mountain cells in Dutch coding system) (Bulk et al., 2004) . The sub-categorization performed by the two investigators was compared as concordant or discordant.
The proportion of cervical smears with normal flora and pre-neoplastic lesion as well as that of smears with bacterial vaginosis and pre-neoplastic lesion were calculated and compared. Also, the frequency of association of cervical intraepithelial neoplasia with the two types of smears with bacterial vaginosis was also compared.
Results
Over the study period, a total of 24,565 women were screened for cervical cancer and precancerous lesions at our Institute. Of these, 7017 (28.6%) smears showed features of bacterial vaginosis (BV) on Pap smear examination. The results of sub-categorization of the smears with BV are tabulated in Table 1 . As seen in the table, concordance of sub-categorization of BV smears was obtained in 95.7% (6717/7017) of smears. A mild predominance of type I smear (type I: type II 1.2:1) was noted.
Among the smears with BV, 719 of 7017 (10.2%) smears had pre-neoplastic lesions compared to 1000 of 17,548 (5.7%) of the smears with normal flora, as depicted in Table 2 . The frequency of detecting cervical intraepithelial neoplasia in smears with BV was significantly higher (OR 1.88, 95% CI 1.71-2.08) with P<0.0001.
Of the smears (719) with co-existing BV and pre-neoplastic lesion, 39.7% (286) were sub-categorized as type I and 61.3% (433) as type II smears (Table 3 ). The risk of detecting pre-neoplastic lesion was higher for type II smears (2.79, 95% CI 2.47-3.14) compared to type I smears (1.38, 95% CI 1.20-1.58) with P<0.001.
Discussion
Bacterial vaginosis (BV) is a syndrome of replacement of lactobacilli-dominated flora by a complete mix of strict and facultative anaerobic bacteria. The altered flora in BV is constituted mainly by gardenerella as also micrococci, streptococci and staphylococci (Frega et al., 1997) . This is known to be associated with obstetric and gynaecologic complications such as preterm labour, chorioamnionitis, pelvic inflammatory disease, post-operative cuff infections and post-operative endometritis (Morris et al., 2001; Peipert et al., 1997) . The prevalence of BV in different clinical settings has been reported to variably range from 10% to 64% (Kenyon et al., 2013 ). An earlier study by the authors reported the prevalence of BV in urban slum of Delhi as 41.5% (Sodhani et al., 2005) . In the present report, BV was detected in 28.5% of smears from women attending gynaecology outpatient department. The gold standard for diagnosis of BV is considered to be Nugent's scoring of a gram-stained smear (Nugent et al., 1991) . However, since about 50% of patients with BV infection are asymptomatic, Nugent's scoring may not be performed on all women. Other criteria like Schnadig et al (20% or more clue cells in Pap smear) and modified Amsel's criteria have been used in various studies for diagnosis of BV (Schnadig et al., 1989; Amsel et al., 1983 ). An earlier study from our Institute had demonstrated the sensitivity of Pap smear as 78% and specificity and positive predictive value to be 86.9% for diagnosis of BV (Sodhani et this mechanism may lead to persistence of transformed cells with subsequent progression (Bauer, 2001) . More recent studies, including a meta-analysis by Gillet et al., (2012) have also reported a positive association between BV and presence of CIN (Nam et al., 2009; Roeters et al., 2010; Gillet et al., 2012) . Our results are in consonance with these published studies. However, few authors have refuted this association of BV with cervical neoplasia. Peters et al (1995) did not find any association between BV and dyskaryosis or severity of CIN (Peters et al., 1995) . Study by Jahic et al also showed no significant difference in the frequency of BV in LSIL and normal cervical smear (Jahic et al., 2013) . Hence, this question of any plausible association between BV and cervical precancer and cancer is still unanswered with conflicting results.
Though the Bethesda system does not differentiate between dysbacteriosis and pure Gardenerella infection, the Dutch coding system recognizes this distinction. An earlier study using the Dutch coding showed a higher risk of high-grade lesion in smears with dysbacteriosis compared to those with healthy flora (OR 2.0, 95% CI 1.8-2.3). On the other hand, the odds ratio for preneoplasia with pure Gardenerella infection was higher (OR 10.3, 95% CI 6.6-16.1) (Klomp et al., 2008) . Similar results have been reported by Roeters et al who have found higher ORs for Gardenerella vaginalis (11.8, 95% CI 7.4-19.0) compared to dysbacteriosis (1.8, 95% CI 1.5-2.2) in screening smears (Roeters et al., 2010) . In the present study, we attempted to classify our smears with B.V in a similar mechanism as Type I (representing dysbacteriosis) and type II (pure Gardenerella infection). Similar to previous studies, we also found a higher OR for detection of pre-neoplastic lesion in type II smears (2.79, 95% CI 2.47-3.14) compared to type I smears (1.38, 95% CI 1.20-1.58). The basis of this difference has not been outlined as yet. We hypothesize that the difference in the bacterial load between dysbacteriosis and Gardenerella infection with consequent variation in the level of carcinogenic substance production might underlie the observed disparity in the association of the two types of smears with cervical preneoplasia. A limitation of the present study was the inability to perform high-risk HPV testing in our cases due to financial constraints.
In conclusion, the association of bacterial vaginosis and cervical preneoplasia is still an unsettled issue. Nevertheless, careful screening is warranted in cases of such inflammatory events, since these are influenced by the same factors that are postulated to play significant role in cervical carcinogenesis. In addition, it seems worthwhile to classify the smears as dysbacteriosis and pure Gardenerella infection, since the risk of co-existing pre-neoplastic lesion differs between the two types of smears.
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Cervical cancer and precancer has been causatively linked to infections by oncogenic types of human papillomavirus (HPV) (Huh, 2009 ). However, numerous risk factors like age at first intercourse, multiplicity of sexual partners, cigarette smoking, high parity and low socioeconomic status have been found to contribute to development of cervical cancer (Juneja et al., 2003) . Other sexually transmitted infections such as Chlamydia, herpes simplex virus and human immunodeficiency virus (HIV) have been proposed to influence progression from HPV infection to high grade lesion (Hawes and Kiviat, 2002) . Similarly, BV has been suggested to play a role in cervical carcinogenesis. Platz-Christensen et al reported a significantly increased risk of CIN if BV was present (Platz-Christensen et al., 1989) . This finding has been supported by other authors as well (Watts et al., 2005; Verbruggen et al., 2006) . A study from Netherlands reported that women with dysbacteriosis had a higher risk of development of pre-neoplastic lesion (low-grade or high-grade squamous intraepithelial lesion) in follow-up smear while those with Candida infection had no increased risk of squamous intraepithelial lesion (Engberts et al., 2007) . A meta-analysis by Gillet et al (2011) reported a positive association between BV and cervical HPV infection (OR 1.43, 95% CI 1.11-1.84) (Gillet et al., 2011) . Several hypotheses have been proposed to explain the role of BV in HPV infection and cervical carcinogenesis. It has been suggested that the higher vaginal pH in BV may lead to arrest of squamous metaplasia and prolong the period of vulnerability of the transformation zone to oncogenic agents like HPV (Hudson et al., 1997) . In addition, the volatile amines released by BV-associated anaerobes can form nitrosamines, which are carcinogenic capable of forming DNA adducts (Pavić, 1984 ). An alternative hypothesis proposed is the alteration in inflammatory cytokine profile that promotes development of cervical precancerous lesions (Cauci, 2004) . A co-factor is the lack of hydrogen-peroxide (H2O2)-producing lactobacilli. H2O2-hypochlorous acid generation is a natural antitumor immune mechanism of vaginal environment. Absence of
